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Reaction  parameters  for  the  polymerization  of  ’ -aridooxetane. 
catalysed  by  boron  trifluoride,  were  investigated  Mo  significant 
improvements  over  the  previously  attained  yields  (about  50%)  resulted 
from  variations  of  temperature,  catalyst  level,  water  content  or  lhe 
us*  of  1,4-butanediol  as  a  cocatalyst.  Increasing  the  monomer 
concentration  from  20%  to  50%,  however,  gave  8Q-vO%  yields  of 
polymer. 

2-Aminoadamantane,  prepared  from  2- adamantanene  and  sodium 
cyanoborohydride,  was  oxidised  to  give  2-nitroadsraantane.  The 
reaction  of  4-bromo-2,2-dinitroadamantane  with  sodium  aside  gave 
4-azido-2-adamantanone  Nitration  of  2,4-adamantanedione  dioxime  gave 
the  internal  nitroso  diner  of  2,4-dinitro-2,4-dinitrosoadamantane 
Reaction  of  2,6-adamantanedione  dioxime  with  NBS  gave  2,6-di- 
bromo-2,6-dinitroadamantane.  Debroroinstion  with  sodium  borohydride. 
followed  by  nitration  with  tetranitromethane,  gave  2,2,6,6-tetranitro- 
adamantane.  The  reaction  of  bicycIo£3.3  13nona-2,6-dione  dioxime 
with  hypochlorous  acid  gave  a  chlorohydrocarbon,  but  reaction  of  the 
dioxime  with  chlorine  gave  2,£-dichloro-2.6-dmitro30bieycloC3  3  13- 
nonane.  This  nitroso  compound  reacted  with  hypochlorous  acid  to  give 
2,i~dichloro-2,6-dinitrobicyclo£3  3  llnonane  2,6-DUmincbicyoio- 

£3.3  llnonane,  obtained  from  bicycloC3.3.13nona-2.6-dione  and  sodium 

cyanoborohydride  was  oxidized  to  the  2,6-dinitro  derivative.,- 

Jt,'' 

Synthesis  work  related  to  3-azidooxetane  and  3.3-dinitiooxetane 
is  summarized  as  a  journal  manuscript 
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N000I4-78-C-014?  during  the  period  1  January  19  5  2  t  hr  oug  h 
31  Cccsnber  1782.  Additional  work  was  carried  out  in  the 
area  of  energetic  oxetanes,  with  emphasis  on  a  study  of 
reaction  parameters  for  the  polymerisation  ct 

3 -as i door* t ane .  Work  was  continued  on  the  synthesis  of 
polycyclic  compound*.  with  the  objective  oi  developing 
procedures  for  the  introduction  of  mult ipia  energetic 
groups.  A  journal  manuscript  summarising  work  on  th* 
synthesis  of  3- a x i doo x e t ane  and  3  ,  3 - d i n i t r oo x e t an  a 

comprises  Appendix  A  of  this  report 

It.  OXETANE  CHEMISTRY 

A.  DISCUSSION 

In  the  previous  report1,  a  streamlined  procedure  for 
the  preparation  multi-pound  quantities  of  3 -tiidooxrUne 
was  described.  Hydroxy-terminated  polymers  were  obtained 
f r  on  3-azrdooxetane  with  catalysis  by  boron  trifluoride 
etherate.  A  problem  with  this  polymerisation  was  that 
yields  were  generally  in  the  t0%  range  Also,  the 

polymerisation  reaction  is  highly  exothermic,  making 
scale-up  difficult.  Typically.  quantities  of  iO  gr  ams  i n 
20%  solutions  of  methylene  chloride  would  show  20  to  30®C 
exotherms  even  with  external  cooling.  These  problems  were 
addressed  by  a  systematic  study  of  changes  in  reaction 
variables. 


I 


Reaction — TaaatLAlui^.  The  effect  of  temperatu a  a  on  the 
course  of  the  polymerisation  is  summarized  in  Table  I.  The 
reaction  wai  essentially  complete  in  about  20  minutes  at 
0-20fc  whereas  at  -30®C  the  reaction  took  24  to  36  hours. 
At  -62 *C  no  siginificant  polymer  iit  ion  occurred  although 
monomer  was  slowly  consumed.  In  refluxing  methylene 
chloride,  the  reaction  was  very  rapid  and  gave  a  largely 
insoluble  high  molecular  weight  polymer.  At  a  reaction 
temperature  of  -30°C  the  exotherm  was  readily  controlled, 
but  at  the  monomer  concentration  used  for  this  series  of 
experiments,  20%,  yields  were  generally  in  the  50-60% 
r  ang* . 


TAP  LI  1 

Effect  of  Temperature  on  Yield 


Temp  . 

Deg  .  C 

%  Oxctane 
reacted 

%  Yield 
po lymer 

Mol  Wt  . 

( VPO) 

Physical 

state 

-62 

40 

0 

_ 

-30 

80- Y0 

50 

2400 

Oi  I 

-10 

80a 

30-60 

24004 

Gum 

40  + 

*0  + 

30-60 

3400  + 

Insol . 

gum 

0 . 1  Hoi 

3-ax idoox e t ane ,  20%  solution  in  methylene 

chlor ide 

6  mo  1 e  % 

EFj-EtjO  catalyst 

■Cl.t.fr  1  YM  \ _ LA.v_.fel 

The  effects  of  varying  concentrations 

of  boron  trifluoride  etherate  catalyst  under  the  same 
reaction  temperature  and  monomer  concentration  are 
summarised  in  Table  II.  As  one  would  expect.-  increasing 
the  boron  trifiuorlde  catalyst  concentration  has  the  effect 
of  speeding  up  the  rate  of  reaction  of  the  3-azidocaetane. 


It  was  found  that  when  6  mole  %  of  the  catalyst  used,  60  to 


80%  .of  the  monomer  was  consumed  in  2  n  manures,  whereas  With 


12 

mo  1  e 

%  catalyst,  1GD%  of  the  monomer 

W  ii  x 

consumed  m 

the 

same 

period. 

However  the  conversion 

t  O 

p  a  I vme  r  wa s 

the 

same 

i  n 

both 

cases.  When  more  than 

i  5 

mole  ¥»  of 

t  ne 

catalyst 

was  used,  the  polymer  formed  was 

i  n  j? 

o  1  u  b  1  e  . 

TABLE 

I  I 

Effect  of  C 

atalyst  Concentration 

on  Yield 

Mole  % 

%  Osetane 

%  Yield 

Mol 

Appearance 

catalyst 

reacted 

po 1 yme  r 

Wt 

5-6 

60-80 

5b 

2400  + 

o  i  i 

*-»  0 

85a 

50 

2400  + 

g  urn 

12 

100 

5  0-60 

2400  + 

g  am 

15 

1  00 

70  + 

3400  + 

insol  gum 

0.1  Mol  3 -ex i dooxe t tnt ,  20%  solution  in  methylene  chloride 

st  0-10*0'  boron  trifiuoride  etherate  catalyst 

The  reaction  parameter  that  was  round  to  have  the 
greatest  effect  on  polymer  yield  was  the  concentration  of 
the  monomer  in  the  reaction  solvent  (Table  III).  Thus, 
increasing  the  concentration  of  3-a s i dooxe t ane  in  methylene 
chloride  iron  20  w t  %  to  SO  wt  %  improved  the  polymer  yield 

from  50  to  50%  without  loss  of  polymer  quality.  In  order 

to  prevent  the  formation  of  high  molecular  weight  insoluble 
polymer,  the  temperature  must  be  kept  below  25®C  To 

maintain  this  temperature  limit  with  c f .  0.1  mole  batch 

reactions,  it  was  necessary  to  start  the  reaction  at  -  2  0  *C  . 
the  reaction  was  complete  in  le?s  than  a  minute.  Under 

these  reaction  conditions  it  was  found  that  very  little  low 
molecular  weight  polymer  was  produced.  Thus  the  usual 
fractionation  with  methylene  chloride  and  hexane  resulted 

3 


in  almost  no  w« i jh  t  loss,  suggesting  a  relatively  narrow 


so)«<'  iltr  weight  distribution.  In  larger  scale  work,  a  flow 
system  might  be  used  for  temperature  control  .  i'nst 
functionality  of  the  polymer  was  found  to  be  two 


TABLE  ULL 

Effect  of  Monomer  Concentration  on  Yield 


%  : 

Monomer  Solvent 

%  k'  i  t  1  a 

Mo  I 

by 

we  i  gh  t 

po 1 vme  r 

w  t 

1C 

1 

50 

2  4  0  0  + 

20 

1 

50-60 

2400  + 

SO 

1 

80-9  0 

2  400  + 

1  2 

2 

24 

<16  0  0 

25 

2 

75 

>2000 

Solvent:  1  , 

methylene  chloride: 

2,  diethyl 

e  t  he  r 

Catalyst:  6  mol  %  boron  trifluoride  etherate 


i  j-4-Butanedi  ol _ C_P.C..al.*J_YJS_t  It  has  been  reported1  that 

oittinst  are  polymerised  with  a  2:1  soap  lea  of  boron 
trifluoride  and  l , 4- bu t aned i o i  by  stepwise  addition  of  the 
hydroxy  groups  to  the  oxetane  rings:  polymer  yields  are 
almost  quantitative,  and  molecular  weights  are  determine! 
by  the  amount  of  initiator.  Vc  have  applied  these 
conditions  to  the  polymerisation  o(  l-iiidooretmt;  results 
are  s  umm  arised  in  Table  IV.  The  results  are  oeneraly 
similar  to  those  we  obtained  without  l  , t-t u t  antdi o :  In 
Table  V,  parallel  experiments  at  three  temperatures  are 
described  in  which  identical  conditions  were  used  with  ana 
without  i , 4-butaned i o 1 .  It  is  particularly  noteworthy  that 


4 


in  a  lao«t  all  case*  no  incorpo?  ■  e^i  3.  4-biitjnsdio  i  wjs 
detected  In  the  polymers  by  NWR  :  tr  only  a nt  case  a  trace 
was  found. 

The  generally5  accepted  mechanism  for  tnc 

polymerisation  of  an  osittns  bv  a  lewis  acid-alcohol 
eoaplti  1*  based  on  the  liberation  of  protons  from  the 
complex.  Protonation  of  the  ring  cxygen  gives  an 

ontunoniuB  ion  which  undergoes  a  cm  in  reaction  with  ether 
cseUni  molecules: 


HfoCH.CH  i  N,  >  CH  ] 

l  1  4  1/1 


in, 


Insertion  of  the  alcohol  into  the  uxettm  ring  in  the 
initiation  step  would  not  be  expected  It  i<  generally 
thought  that  the  incorporation  of  alcohols  into  osetano 
polymers  takes  place  in  the  termination  step*  Experiment*: 
were  therefor*  conducted  in  which  t  te  polymerisation 
reactions  were  quenched  with  1 . 4-butan*diol  and  with 
methanol.  In  these  reactions  there  aiso  was  no 


incorporation  of  the  alcohol  in T  c  the  polymers.  This 
result  suggests  that  termination  of  do i vmet  growth  tafces 
place  before  quenching  by  some  type  of  elimination  or  chain 


transfer  mechanism 
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Table  1 V 


Boror  Trifluoride  and  1 

,  4-Butaned 

lol  (BDO)  Catal 

Vai5 

Run 

Temp 

Mo  1 

%  Mo  1  % 

Moles 

Yield 

Mo  I 

i 

BUG 

Deg  C 

BF 

BDO 

Oretane 

Wt 

I  u  c  o  r  p 

<  a) 

(  a  > 

A 

-30 

6 

3 

0  .  4 

30  <  b  > 

1300 

No 

B 

-30 

6 

3 

0  .  4 

30(b) 

1400 

No 

C 

-30 

6 

3 

0  .  4 

4  5(b) 

2  100 

No 

D 

-30 

6 

3 

0  .  4 

5  1(b) 

No 

E 

-30 

6 

3 

0  .  4 

52(b) 

1550 

14  o 

F 

-30 

6 

3 

0  .  4 

52(b) 

2400 

No 

C 

-30 

6 

3 

C  .  4 

46(0 

2400 

No 

K 

-15 

1  2 

4 

0.05 

4  4(c) 

2400 

No 

I 

-15 

1  2 

5 

0.05 

12(e) 

-  - 

No 

J 

-15 

9 

4 

0  .  05 

j  -  t  c  > 

2350 

Trace 

K 

2 

6 

3 

0.05 

4  0(c) 

2350 

No 

L 

2 

9 

3 

0  .  05 

4  0(c) 

300 

No 

M 

2 

1  2 

3 

0  .  05 

50(c) 

3  000  + 

No 

25%  Solution  of  3-axidooxetane  in  raethvlene  chloride 
<  a  >  Bated  on  moles  3- a  t  i  doom  t  ane  Cb>  Precipitated  from 
1:1  methano 1 -wat er .  (c)  Precipitated  from  1:1 

hexane-methylene  chloride 


TftU.a  V 

Parallel  Runs 


Run 

Temp 

Deg  C 

Mol  % 

BF, 

(  4  ) 

Mol  % 
BDO 

(  a  ) 

Mole* 

Ox e  t  ane 

Yield  Mol 

Wt 

BDO 

Incotp 

A 

-30 

6 

3 

0  .  4 

37 

2  400 

No 

B 

-30 

6 

0 

0  .  4 

4B 

2  400 

No 

C 

-15 

6 

3 

0  .  5 

44 

-  - 

Mo 

D 

-15 

6 

0 

0  .  5 

36 

-  - 

No 

E 

-2 

6 

3 

0  .  5 

40 

2  350 

No 

F 

-2 

6 

0 

0  .  5 

5  5 

3000 

No 

25%  Solution  of  3-ax i dooxit ane  in  methylene  chloride  u*ed; 
product  precipitated  from  1:1  heirne-mthyltnt  chloride. 

(a)  Based  on  moles  3  -  a x i do oxs t ant 


Fraotional 

Precipitation. 

In  our 

earlier 

wor  Jc 1 ,  wc 

used  fraotional 

precipitation 

from  l : 1 

hexane 

-me  thy  lent 

chloride  to  remove  low  molecular  wcioht  materials  irons  ths 


been  used  is  1:1  me  t  r  an  a  i -wa  t  e  r i  The^e  methods  are 
cssptrtd  In  Table  VI,  using  two  polymer  mixtures  prepared 
with  the  bu t ane d i o 1 -b o r on  trifluoride  catalyst.  Zt  is  seen 
that  the  B»th»noi-w»ttr  method  provides  substantially 
greater  yields  but  the  product  is  oi  lower  molecular  weight 
than  the  ht«m#-ra*thylens  chloride  product  Results  similar 
to  those  of  the  me t h ano 1 -wa t er  precipitation  were  obtained 
by  simple  water  washing.  The  physical  appearance  oi  the 
polymer  was  influenced  by  small  amounts  of  diluents. 
Untreated  or  me t hano 1 -wa t e r  precipitated  polymer  was  a 
mobile  oil,  whereas  material  with  a  molecular  weight  of 
2,400>3,000  that  wa  s  precipitated  from  he* in« -me t hy i en e 
chloride  and  dried  thoroughly  was  a  gum  Small  amounts  of 
remaining  solvent,  as  little  as  5%  methylene  chloride  or 
monomer,  provided  fluidity 


.TAflU  XI 

Fr a c t i one t i on* 1  Precipitation  of  Polymers 


Hexane-methylene 


%  Yield 


%  Yield  Mol 

Wt 


A  30  1300  IS  £400 

8  52  1550  37  1400 


0.4  mol  3  -  a t i d o o x e t > nt ;  catalyst:  0.024  mol  boron 

trifluoride  etherate,  0  012  mol  1  , 4 - bu t aned  i  o 1 


Although  ptaetuuons  wac«  Always 


observed  to  exclude  water  from  the  system,  the  possibility 
wee  considered  tnat  trace  amounts  of  water  would  have  & 
detrimental  effect  on  .ht  course  of  the  reaction.  It  was 
found,  however  (Table  VII)  that  reactions  run  with 
scrupulously  dried  equipment  and  solvents  gave  the  same 
results  as  those  run  in  open  flasks  with  untreated 
industrial  grade  methylene  chloride.  fcve-n  in  the  presence 
of  s t o 1  oh  1 ome t r i c  amounts  of  water,  the  overall  conversion 
to  polymer  remained  about  the  same  with  only  a  reduction  in 
moleoular  weight.  Even  when  the  reaction  was  done  in  equal 
volumes  of  methylene  chloride  and  water,  some  polymer 
formed  . 


.TABUS  iUI 

Effect  of  Water 


Solvent 
t  reataent 

ft  Yield 
polymer 

Mo  1 

wt 

Dried/  mol  sieve 

50-60 

2400  + 

None ,  0  2ft  we  t  e  r 

55 

2400  + 

1  mol/monomer  added 

1  6 

2000  + 

7  6 

800  + 

0.1  Mole  3- a s l do o x e t an e  ,  20ft  solution  in  methylene  chloride 
6%  mol  ft  boron  trifluoride  etherate  catalyst,  0-10*C 


Ni t  roaen 

Forma  t i on 

It 

wa  s  noted 

that  the 

po 1 yme  r i set  1  on 

rtrot ion 

WAS 

no  t 

imp  r  oved  by 

i no  r omen  t  a  1 

Add  1 1 i one  of 

catalyst 

In 

general,  a  catalyst 

level  of  6 

BClt  ft  WAS 

sufficient 

t  o 

consume  only  ibout 

Soft  of  the 

monomer.  If  more  catalyst  was  then  added,  the  remainder  of 
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th#  KonoAti  dissapcit  «d  .  but  as  t  ui  thsi  ptuyast  was  t  a  tiauu  , 


and 

in 

fact, 

n i t  r  ogen 

gas  began 

to  evolve  Ine 

conditions 

causing 

the 

gas  formation  were 

investigated  <  T 

able  VIII; 

1  t 

wa  s 

found 

that  in 

reacti  one 

kept  at  b 4  C  and 

be  1 ow .  t  no 

{is  ivolut Ion  was  never  more  thin  3  mol  %  based  on  monomer. 
However,  if  additional  cats  ly*t  was  added,  a  mole  or 
nitrogen  was  liberated  for  eacn  additional  mole  ot 
catalyst  In  reactions  conducted  at  room  temperature,  no 

gtc  wee  observed  during  the  course  of  the  polymerization, 
but  when  the  po 1 yme r i t a t i on  was  complete,  gas  evolution 
began.  In  reactions  containing  only  boron  trifluoride 
etherate  catalyst ,  11  mole  %  nitrogen  was  observed,  whereas 

when  1  ,  4 -bu  t  ened  i  o  1  was  present,  22  mole  it  nitrogen  was 
observed.  Samples  ot  the  polymer  yielded  no  observable  gas 
under  the  polymerisation  conditions.  When  3  •- a  i  i  dooxe  t  an  e 
wai  treated  with  aqueous  sulfuric  acid,  I'i  mole  %  nitrogen 
was  observed 

lAfei-t.  -YILI 

Nitrogen  Formation 

Catalyst  Time  (Hri i  Mol  %  Nitrogen 

A  1  3 


A 

2  *1 

1  1 

B 

1 

/ 

B 

2  4 

1  4 

C 

24 

2  2 

0 

24 

2  l 

A  *  6  Ho  1  %  boron  trifluoride  etherate 
B  a  12  Mo  1  %  boron  trifluoride  etherate 
C»  6  Mol%  boron  trifluoride  etherate 
+  3  aol%  i  ,4-buUntdicl 
D  m  5  0%  Aqueous  sulfuric  acid 
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Cone  1  us : ons  The  affects  of  temperature, 
concentration,  catalyst  levels,  water  contamination  a  n  m 
alcohol  cocatalysts  on  the  polymerization  ot  3-ai i OooHct  sne 
were  studied  with  the  objective  of  improving  polymer  yields 
and  controlling  the  reaction  exotherm.  The  oniy 
significant  improvement  in  yield  was  attained  by  us  inn 
higher  monomer  concentrations  than  those  that  were  usuo 
previously.  Under  these  conditions.  batch  operation 
results  in  a  more  severe  exotherm  probiero  However,  tne 
reaction  is  so  rapid  that  a  continuous  flow  system  would  bo 
feasible,  and  the  exotherm  could  bo  controlled  by 
regulating  the  introduction  of  reagents 


(  0.0052  mol)  of  freshly  distilled  ooron  triiluorHe 
etherate  was  added  rapidly  by  syringe  After  about  3u 
seconds  the  reaction  temperature  increased  to  the  reflux 
temperature  and  a  gelatinous  polymer  formed  Tnc  material 
was  allowed  to  stand  for  5  minutes  at  room  temperature  and 
then  5  mL  of  water  was  added  and  the  suture  was  agitated 
to  disperse  the  gel.  Ethyl  acetate  '30  ml >  was  added  and 

!  0 


separated  and  dried  over  magnesium  sulfate  Solvent  was 

removed  with  a  rota.-y  evaporator  <70  aC  at  20  mm  Hg  >  to  give- 

a  brown  oil:  NMR  <CDC1  >  £  3.58  <s>;  IR  <CH,CI.)  3000.  2  9  00 

3  l  2 

<CH),  2150  tNj),  1133  cra'J  <C-Q-C>;  molecular  weight  (vapor 

pressure  osmometry.  ethyl  acetate)  2200,  equivalent  weight 
(silylation)  1200. 

The  polymer  was  dissolved  in  20  mL  of  methylene 
chloride  and  this  solution  was  poured  into  20  mL  of  hexane 
with  vigorous  stirring  After  30  min  the  solvent  was 

decanted  from  the  precipitated  oil,  and  the  product  was 
dried  at  ?0°C  under  vacuum  to  give  7  . 4  g  of  material 
eseentially  identical  with  the  un f r a c t 1  on* t e d  polymer. 

Polymerisation  of  3-Ai  i  doox  e  t  an*  <-30®C>.  A  solution 
of  10  g  <0.009  mol)  of  boron  trifluoride  etherata  in  50  ml 
dry  methylene  chloride  was  cooled  to  -3C*C  and  a  solution 
of  9.9  g  <0  1  mol)  of  3- a 1  1  dooi e t ane  in  50  ml  of  methylene 
chloride  was  added  dropwise  The  solution  was  stirred  at 
-30.  GLC  analysis  after  6  hours  showed  that  appronaitely 
half  of  the  monomer  was  consumed  The  solution  was  stirred 

for  an  additional  43  h  period.  GLC  analysis  snowed  that 
monomer  consumption  was  95%  complete  find  essentially  no 
additional  monomer  monomer  was  consumed  after  this  time. 
Saturated  sodium  chloride  solution  (5  mL )  was  added  and  the 
miature  was  stirred  for  30  min  The  organic  liysr  was 
allowed  to  come  to  ambient  temperature  and  was  wasnod  witn 
100  mL  of  5%  potassium  carbonate  solution  and  100  mL  water. 


The  methylene  chloride  solution  was  dried  ever  magnesium 


JLmjq.gr  k  hla  .  QMR-2-5 


;  *«<  was  @-vapsr  at  cd  ttndtt  vacuus*.  4  h  «,  f  v«i<ju«  was 

redissolved  in  30  mL  o  £  methylene  chloride  and  the  eolation 
was  filtered  into  30  mL  of  rapidly  stirring  hexane 
After  30  min  the  solvent  was  decanted  and  the  remaining 
oil  was  washed  with  30  mL  of  hexane  The  product  was  dried 
at  70°C  under  vacuum  to  yield  4.B  <3  (49%)  cf  a  very  viscous 

oil  with  molecular  weight  2350  (VPO,  ethyl  acetate). 

Po  1  vroe  r  i  z  a  t  i  on  of  S-Aridooxeta  ns  <  -  .<  0  #  C  ,  1.4-Butxne- 
did).  Boron  trifluoride  etherato  <3.83  q  ,  002?  mol)  wt s 

added  to  a  solution  of  1.25  g  <0.0135  mol)  of  freshly 
distilled  l,4~butanediol  in  50  mL  of  methylene  chloride. 
This  solution  was  stirred  at  25  *C  for  1  hour  and  was 
cooled  to  -25 BC  Then  3-asidooxotane  (40.0  g,  0.404  moi) 
in  150  mL  of  methylene  chloride  was  added  dropwise  and  the 
solution  was  stirred  at  -3  0#C  for  48  h  The  reaction 
mixture  was  worked  up  as  above  to  yield  21.0  g  (52%)  of 
viscous  oil  with  molecular  weight  of  1650  (VPO  ethyl 
acetate).  NMR  (DCClj)  showed  no  proton  absorption  between 
&  1.5  and  &  2.0  (the  central  methylene  of  1  ,  4 -bu  t  me  d  i  o  1 
and  its  ethers  appears  at  S  1.6) 

In  multiple  parallel  0 ,05  mol  runs,  after  43  hours  at 
-30^!i  the  polymerisation  was  quenched  with  5  mL  L'jO,  with 
5  ml  of  1,4-butanediol,  with  5  ml  of  nethinol  and  finally 
we r mad  to  25  SC  for  15  minutes  before  quenching  wi tn 
saturated  sodium  chloride  solution.  In  none  of  the  so  cases 
could  1,4-butanedioi  or  methanol  be  detected  tn  tno  final 


1  2 


po 1 yme r  . 


■  VOlUt  l  or: 


A  dry  one  nsck  i  I  _i  s  k  , 


fitted  with  a  gas  burette  and  pressure  equalising  bulb,  was 
leaded  with  a  solution  of  50  q  <0  OS  mol)  of 
3*11  idoontan*  in  20  ml  of  methylene  chloride,  and  was 
cooled  to  2#C.  Then  boron  trifluoride  etherate,  (0.3  mL , 
0.0025  mol)  was  added  and  the  evolved  gas  was  measured 
every  5  min  for  the  first  hour  and  every  l'i  min  thereafter. 
The  concentration  of  monomer  was  followed  by  GLC,  using 
methylene  chloride  as  the  internal  reference. 

2  ~A*..i  do  -  1  ;  3-Pfopaned  La  1  To  a  solution  of  100  raf.  of 
10%  aqueous  hydrochloric  acid  was  added  20  g  <0.2  mol)  of 
3 -as ldooxe t an#  and  the  mixture  was  stirred  for  1  h  at  2b°C. 
The  solution  became  homogeneous.  The  product  w*s  extracted 
with  two  50  mL  pot  1  ions  of  methylene  chloride  and  the 
organic  layer  was  dried  over  magnesium  chloride  Removal 
of  the  methylene  chlorid#  under  vacuum  gave  14.0  g,  (58 v»> 
of  a  liquid  identified  as  2  -  a ; i d o- 1  , 3 - p r opane d i o 1 :  IR 

<  neet  >  3400  (O-H) ,  2S50.  2900  <C-H>,  2140  o*Tl  < Nj >  ;  NMK  £ 
3-65  (•).  Sylation  gave  an  18:5  ratio  for  t r ime thy  1 c i  1 y 1 

to  methylene  protons.  This  material  was  unstable  above 
t  109C  under  0  l  mia  H  g  Retreating  3.0  g  of  this  material 
with  10  mL  of  10%  aqueous  hydrochloric  acid  for  1  hr  gave 
no  methylene  chloride  extractable  materials. 

Poiy-3-aiidooxetane  <0?*2  g,  equivalent  weight  1550)  was 
dissolved  in  20  ml  of  methylene  chloride  and  20  mL  ot  water 


added . 


:hfc  in  i  x  t  u  i  e  was  stirred  rapidiv  tor  “  h 


Satuarated  sodium  chloride  solution  was  added  end  tna 


phases  war*  allowed  to  separate  overni iht  The  orosnic 
layer  was  separated,  dried  over  anhydrous  nsagnesitm  sulfate 
and  evaporated  to  yield  poly-3-aiidooaet jn*  (0.902  a, 
equivalent  weight  1500). 

In  a  parallel  run,  20  ml  of  i 0%  aqueous  hydrochloric 
acid  was  substituted  for  water.  The  recovery  of 
po I y- 3 -a t i doox e t ane  was  90%  (equivalent  weight  1200) 


III.  POLYCYCLIC  NITRO  COMPOUNDS 

A.  DISCUSSION 

A  study  of  the  synthesis  of  polycyclic  nitro  compounds 
was  initiated  in  the  preceding  year1  with  the  obiective  of 
producing  useful  high  density  explosives  Monos u b s t i t u tod 
edamantanes  were  used  as  model  compounds  for  developing 
methods  to  introduce  gem-dini  t  ro  groups  into  cage 
molecules.  One  method  used  for  the  preparation  of 
gem-dinitro  cdamantanes  was  the  direct  nitration  of  the 
corresponding  oximes.  In  another  approach,  2-adamantanone 
oxime  was  treated  with  N- b r oraos u c c i n i m i de  or  with  sodium 
hypochlorite  to  give  2 -br  oito  -  Z  ~n  i  t  r  oad  cm  an  t  ane  and 

2 -oh l o r o-2-n i t r oa daman t ane  respectively.  The  bromo 

derivative  was  dehalcgenated  with  sodicm  borohydride,  ar.d 
the  resulting  2 -n j t r o adaman t an e  was  converted  to 

2 , 2-iini t  toidirajntane  by  oxidative  nitration  or  by  reaction 
with  t e t r an i t r ome t h&ne . 

i  4 


monofunctional  model  compounds  sn  order  to  increase  the 
available  options  for  application  to  more  energetic 
systems.  The  direct  oxidation  cf  2 - o x i a i no  a d aman t anc  to 
2 -n i t r o a d aman t an e  was  attempted  with  a  wide  variety  of 
oxidising  agents  including  manonesa  dioxide,  chromic 
acid-pyridine,  and  peraeids.  The  inorganic  reagents  did 
net  produce  2 -n i t r o&d&man t an* .  It  was  iound,  however,  that 
relatively  strong  aromatic  peracids  gave  low  yields  of  the 
desired  product.  Thus,  p - ch i o r ope r b en* o i c  acid  in 
refluxing  dichloroe  thine  gave  yields  below  lOUt  and  tfte  use 
of  buffers  was  ineffective  The  raaior  product  in  this 
reaction  was  the  ring  expanded  lactone  resulting  from  the 
Bayer  Villiger  oxidation  of  2  -  a d aman t a n one .  Attempts  to 
extend  this  reaction  to  difunctional  oximes  wore 
unsucces  s i u 1 . 


The  oxidation  of  am i no adama n t s n e s  is  another  potential 


route  to  n i t r o a d araa n t a n e s . 


inasmuch  as  there  are  several 


ketones  to  secondary  amines  with  sodium  cy ano b o r on y d r  i  d e 
ha*  been  reported*.  We  obtained  Z -am  i  no  n  d  am^n  t  ane  in  50% 
yield  by  the  reaction  of  2- adaman t anone  with  sodium 
cyanobor ohydr i de ,  Conversion  of  2 -am i noa daman t ana  to  tfte 
2-nitro  derivut  ive  took  place  in  66%  yield  with 
p-ni  tropcrtentoic  acid  in  reflusinc  1  ,  2-cun  lor  o  e  thane. 


of  4-br omo-2-adamant anone  by  the  treatment  of  adamant anono 
oxime  with  hydrobtoaic  acid*,  led  us  to  investigate  its  use 
as  an  intermediate  to  n i t roadaroan t anes  Previously’, 

4 -br  oao-  2 . 2 -d  i  n  i  t  r  o  a  daman  t  an  e  was  obtained  xrota 
4-br  omo-2-a d amantenone  bv  nitration  of  the  oxime.  Howe v  c r  . 
attempts  to  displace  the  bromine  of  4 -b r oao- 2 , 2 - d i n i t r ©ad am- 
antane  with  sodium  Hide  at  the  relatively  hign 
temperatures  needed  for  reaction  to  take  place  resulted  in 
loss  of  the  nitro  groups.  4-Asido-2  a d am an t anone  was 
i  so  I  tied . 


Previously*  we  reported  that  the-  nitration  of  2  ,  6-r.dr.iti- 


tntanediou*  dioxiroe  'prepared  according  to  floret  ar  1 
Rasstt^)  gave  a  compound  that  gave  elemental  inslvstc  d  ?.  t  -  . 
consistent  with  a  dtnitrodinitroro  derivative. 

Subsequently,  we  obtained  this  same  product  iron  2  ,  3  -  a  d  am  ?, «  ■  ■ 
tanediorse  di  oxime,  but  not  from  Z.A-adimsntar,  tni^ne  s  i  or  inn 
obtained  by  a  different  route*.  it  is  concluded  tnat  tne 
original  starting  material  was  the  2,3  derivative,  which 
yields  on  nitration,  2  ,  3 - d  i  n l t r o - 2  , 3 - d n  t t r o s o a d cm ’ n t ane 
This  compound  gives  a  geometrically  revered  internal 
nitroso  dimer  which  is  not  possible  for  for  the  2.6  isomer. 

Attempts  to  convert  the  nitroso  material  to 
2 , 2 , 4 , 4- t e t r an i t r o adaman t ane  under  more  forcing  conditions 
were  unsuccessful.  No  nitro  compounds  or  nitroso  diamers 
were  formed  in  the  reaction  of  N-b r crao s u c c i n imi de  with 
2  ,  3  -  ad  aman  t  ar.  e  d  i  one  dioxime. 


reports  of  2 . 6  -  a  daman t and i one  in  the  literature  One 

involves  an  i  impractical  multi-step  synthes  ti’,  the  second  ? 


very 

1  ow 

yield  enamine  reaction*  and 

the 

t  h  i 

rd  proved 

l  Q 

have 

an 

incorrect  product 

ass ingment 

1 

1  t 

was  repor 

t  &  3 

t  ha  t 

2  ,  6 

-adamant  ane  d  i  one 

wa  s  obtained 

i  r. 

3  0ft 

yield  by 

the 

direct  chromic  acid  oxidation  of  2  -a daman t an one 

Re i nve s t g a t i on  showed  that  this  reaction  gives 
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Re  po  r t  No 


R  -  2  -  5 


5~acetoxy-2-adamantane  and  2,4  a  d  a  man  t  a  n  e  d  i  o  r.t  with  i.o 
detectable  2,6-isomer  by  GLC  analysis 

The  most  reasonable  route  to  2 , & - a c aman t an ed i on e 
involved  a  critical  dienamine  reaction  with  methylene 
iodide  which  proved  to  be  unreliable  and  gave  poor  yields 
at  best.  However,  sufficient  2 • 6 -a daman t ane d i on e  dioaimo 
was  prepared  by  this  route  for  a  preliminary  investigation 
of  its  conversion  to  nltro  derivatives.  Reaction  witn 
N-br omosucc iniai de  gave  2 , 6 -d i b r oroo - 2 , 6 - d i n i t r o a  daman t ant  . 
Subsequently,  reduction  with  sodium  fcorohydride  gave 

2.6- dinit  r  oa daman tane,  an  Intermediate  that  was  not 
isolated.  The  crude  material  was  treated  with  sodium 
carbonate  and  t e t r an i t r orae t hint  to  give  a  low  yield  of 

2 . 1 . 1 . 6-  t e t r an i t r oa d aman t anc .  The  material  was  identified 
by  el e® ental  analysis,  NMR  and  I R  Its  density  was  l  .  7 i  . 


'  £ i r  ec  t  oxidation  of  2 , 6-adamant aned i one  dioxime  witn 
peraetds  failed  to  y  i  s.i  d  nitro  coumpounds  Direct 
nitration  of  the  oxime  gave  some  conversion  to  gem-dinitro 
material,  but  considerable  amounts  . t  ketone  were 
regenerated.  However,  treating  the  mixture  with 
hydroxyl  am ine  to  recycle  the  carbonyl -cent ainina  materials 
destroyed  the  nitro  compounds  present 


tcc«E aibia  than  the  un  substituted  j ions  Howevs.  , 

treatment  of  the  material  with  hydronv  ;  mine  q  a  v  o  .\n  d  d  ^ 
yield  of  3 -c» r bo s y - 9 - o a i m i nob i c y e 1 o t 3  .  3  .  i  1 non sn«  -  6  . 


The  readily  available15  1  .  3  ,  5 . 7  -  (  t  e  t  t  a  c  a  r  b  ome  t  n  o  x  y  >  - 
a  daman  tan-2,  4-dione  was  converted  to  its  oioxiice  Nitration 
or  bromi nation  of  this  material  gave  no  nitre™ containing 
compounds,  but  rather,  ring  closure  to  the  isoxaroiine  tool; 
place.  This  material  was  observed  previously  when  ttit 
oxime  was  heated  with  refluxing  ethanol  l5. 


OOOMe 


OOOMe 


USD- 


&jL.£..lL£.lal.3-.3..,_jiJ.n  zn  *  ,  L=Al2Ht Per_i-Va*  »  vee  Because  of 

the  difficulty  in  preparing  large  quantities  oi 

2, 6-adamant  anedi one,  a  model  system  with  structural 
similarities  was  sought  for  the  devopmm  i  o  1  react:  on 
procedures.  BicycloCu  3  .  1  lnona-i  .  6-dione  ,  known  s 


Meerwein's  ketone 


n 


was  selected  since  it  has  tlia  sjni 


geometry  and  ring  structure  with  the  exception  that  one  of 


the  rings  is  open. 


Report  No  ONR-2-5 


A  general  method  has  recently  bec-n  roper  ted  ter  1  i-  o 
conversion  of  ketonimes  to  chloroni  tro  compound?5';  a 

benzene  solution  of  the  ossiiue  is  simply  treated  with 

neutralized  hypochlcrous  acid  in  the  presence  a  •: 
t e t r ibu t y 1 ammon i urn  bisulfate  The  di  oxime  of  Mo r we  m  s 
ketone  reacted  under  these  mild  conditions  to  g  ivr;  a  high 
yield  of  a  th 1  or  ohydr  ocatbon ;  no  nitrogen  or  oxygen 
remained.  Further  work  is  needed  to  a 5 s i o u  the  structure. 
The  appearance  of  a  transient  blue  coloration  suggested 
that  a  nitroso  intermediate  wa  s  involved.  Subsequently, 
t  he  W45  t  r  2  4  t  ft  d  with  e  1  eraent  a.  1  chiorinfi  in  rosthvicne 

chloride.  Under  these  conditions,  the  nitroso  compound  w^s 
formed  as  evidenced  by  a  persistent  blue  color  of  the 

solution.  Removal  ot  the  methylene  chloride  and  addition 
of  the  material  to  the  benzene 'hypochlorous  acid  raanont 
then  gave  a  59*H  yield  of  the  expected  chloronitro 
derivative  of  Merwein‘s  ketonu  ,  2.4-dichloro-2,6-ni- 
nitrobicyclot 3 . 3  l inonsn* 

Direct  reduction  of  the  dio  time  to  the  diamine  witti 
lithium  aluminum  hydride  failed,  but  the  diamine  war, 
prepared  directly  from  Me er we  in's  ketone  with  sodiun 

cyanoborohydride.  Oxidation  of  this  diamine  with 

p-ni  trope  rbsmoic  acid  gave  the  2,6-dinitro  derivative,  r.nd 
conversion  of  this  compound  to  the  tetranitro  derivative  is 
being  studied. 
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refluxing  10  lut  ion  of  10.D  g  of  <55%  p  -chlctopscbemoic  acid 


in  50  *L  of  1  , 2 -d 1  eh  1  © r o e t han e  was  added,  port ionwiso,  1.65 
g  <0.010  no  1  )  of  2- tdaatnt anona  oxime  A  slight  green 
color  was  observed.  After  a  3  h  reflux  period,  the 
solution  was  cooled,  filtered,  wished  with  20  ml  of  5% 
sodium  carbonate  and  evaporated  to  yield  15  g  of  a  wjsy 
solid.  IR  and  NMR  analysis  showed  0.15  a  (8  3U>  of 
2-n i fc r oadanan t tnt  and  1.3  3  (61%)  of  3-oxahomo- 

ad  tatn  t  an- 2  -  on  e  Attemps  to  improve  t  In  i  f  ratio  by  running 

the  reaotion  in  th®  presence  of  disc,  d  runs  hydrogen  phosphite 
in  aoetonitrile  reduced  the  yield  of  2  - n  1 1  r  o  a  d  a  m  a  n  t  a  n  e  to  a 
trace 

2  -  A  ro }  n  o  «  daraint  an  e  .  A  mixture  of  ;  u 0  ml.  of  tiihvdrons 
methanol,  25  g  of  ammonium  acetate  .;nd  5  0  g  <0  t)  3  3  mol)  of 
2-adamant  anor.  e  was  stirred  for  l  h  at  room  temperature;. 


added  and  the  solution  was  stirred  for  2‘i  h  The  solution 
was  acidified  with  concentrated  hydrochloric  acid  to  pH  <2 
and  was  extracted  twice  with  50  raL  of  ether.  Evaporation 
of  the  ether  yielded  21  g  (  4  2%)  of  2-hyroxyadamantane. 

The  water  solution  was  then  made  alkaline  witn  solid 
potassium  hydros:  jde  to  pH  >10.  'water  was  added  to  pr  even* 
crystallisation  of  potassium  chiot ids .  The  solution  was 
extracted  with  methylene  chloride  (2x50  raL).  The  organic 
layer  was  dried  over  maganesium  sulfate  and  the  solvent  was 
removed  to  yield  2.52  g  (50%)  of  2  -  ami  n  o  a  d  ansa  n  t  -i  n  e  .  m.p. 
18O-105eC,  identified  by  comparison  with  an  authentic 
»  amp  1 e . 

Peractd  Oxidation  of  2  -  Ara  i  n  o  a  d  a  m  a  n  t  a  n  e .  To  a  solution 
of  5.0  g  (0.025  mol,  9  6  It  assay)  of  p-nitroperbenzoic  acid 
in  100  nL  of  reflusing  1 , 2 -d i ch I o r o e t hane  was  added, 
d  r  o  pw ise,  a  solution  of  10  g  (0.006  7  mol) 

2 -amino  adamant ane  in  25  raL  1  , 2 -d i ch 1  or oe t hane  The 

solution  was  refluxed  for  30  min,  cooled  end  filtered.  The 
solution  was  extracted  with  a  pH  5.0  phosphate  buffer  (2x50 
ml),  dried  over  raaganesiura  sulfate  and  evaporated  to  yield 
1.15  g  of  a  serai -  sol  id  which  upon  re  crystallization  no® 
e  t  hano  1  -wa  t  e  r  gave  0,80  g,  <66V»>  of  2  -  n  i  t  r  o  a  d  ,'.us  n  t  r  n  a  , 
identified  by  IR  and  NMR  comparison  with  authentic 
material  , 

Reaction  of  4-Brorno~2.2-dinitio  a  d  a  m  r  n  t  a  n  e  with  5  o  !  i  u  to 


hlAAs.  ■ 

So  d i um  azide  (0.5 

g  )  , 

act  tvatei 

by  recryst.ii- 

1 1 x  a  t 1  on 

from  wa  t e r -a c e t one , 

wa  sf 

added  t  c 

solution  o i  0  t 

2 


$  i  0  ■  80032A  moll  4  —  be  aim  «•  2  >  tfoadamsnt  tnc  in  t  ft  st>  of 


dimethyl  formamide.  The  solution  was  Kept  at  *Q0  to  1  2  0 0  C 
for  12  hr»,  cooled,  and  added  to  100  mL  of  water.  The 
organic  material  was  extracted  with  methylene  chloride  (2  x 
50  bL)  and  the  resulting  solution  was  dried  over  iwanss  ima 
sulfate.  Evaporation  of  solvents  and  sublimation  of  the 
residual  oil  yielded  0.015  g  <  2  5  %  >  ot  1  -  a  z  i  d  o  - 
adamantan-2-one  ,  i  Jen  t  i  i  i  e  1  by  IR  cowpr,  r  l  ;  t  on  with 
authentic  material. 

■2-tA.r.Ad  aman  t  aned 1  one  P  i  o  k  i  me  To  a  rarluxing  solution 
of  1.05  g  <0.006  mol)  of  2 , 6 ~ a d aman t a nd i on e  in  50  mL  ot 
ethanol  was  added  a  solution  of  10  g  <0.005  mol)  of 
hydroxy laraine  hydroohoride  and  2.0  g  of  sodium  carbonate  in 
20  ml  of  water.  The  solution  was  allowed  to  stand  for  48  h 
and  was  then  concentrated  to  one  third  ot  its  original 
volume.  The  precipitate  was  filtered  to  yield  1.00  g  <9  9“/c> 
of  2 , 6-adamant  and i one  dioxirae,  mp  279~280°O. 

Asa!  •  Calcd  for  CieHHNI02:  C.  61  63;  H,  7.26;  N, 

14,41.  Found;  C  ,  61.84,  H,  7.40;  H.  14.1* 

AdL=I2JL£L£  9TPP  ~  %  1  6-dJ.TLi.l-t.g-H.damant  ane  .  To  s.  solution  of 
0-50  g  <0.0025  raol)  of  2  ,  6  -  a  d  aman  t  a  n  d  i  one  dio«  ins  in  50  ml 
of  1 ' l  d i o x ane-wa t e r  was  added  3.0  g  <0.018  mol)  of 
N-b  r  omosuc  o  i  n  i  ra  i  de  ,  and  1.5  g  <0.017  noli  of  sodium 
bicarbonate,  and  the  mixture  was  stirred  at  ambient 
temperature  for  48  h  The  color  initally  turned  light 
green  then  slowly  faded  The  diexane  was  evnpoiated  under 
vacuum  and  50  mL  of  water  added  The  solid  product  was 
recrystal  I  tied  from  ethanol-water  to  give  0  23  q  <24  V3)  of 

2  3 
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2  ,  6-d  i  b  r  omo  -  2  ,  6 -d  i  n  i  t  r  o  a  d  aman  t  ane  .  rap  162-165  t'.  •  ""  IK 

<  CH.C  1  .)  3000  <C-H>,  1540  1460  c»"!  <N-D>;  NHR  <DC.Cl,  )  £ 

II  ’ 

1.8  -  2.8  c  oi2  p  1  e  » 

Anal.  Calcd  for  c  r  3  :  C‘  3  1  ■  7  •  Hl  3  .  1 5  ;  H, 

7.29,  Br,  41.26.  Found:  C,  3 i  . 3  3  :  K,  3 .  1 4 ;  H ,  7  4  3;  B t, 

4  1.44 

2  ■  2  ,  6  ,  o-Tfet  r  an  i  t  r  o-idaif  ant  ane  and  6  .  e  -  I;  j  n  ;  1 1  o  ••  2  ■  n  d  -riti;,  n  - 

t  anono  .  To  a  solution  of  0  3  1  g  <  0.00006  mol)  of 


2 , 6  - d i b  r  emo -  2 

.  6 

- d i n i troadamanat 

an  a 

i  n 

2  0 

mL  of 

(than o I 

W  f* »  j3 

added  0.1  g 

o  i 

soJi  um 

boroh/rr 

id? 

and  1  0 

IT:  L  of 

wa.  ter. 

The 

solution  was 

stirred 

at  25°C 

f  or 

30 

min 

The 

& c nano  1 

was 

evaporated  under  vacuum  and  the  aqueous  solution  w«s  s 
extracted  with  ether  (2  k  5  0  mL )  .  Th  e  ether  solution  was 
dried  ever  magnesium  sulfate  and  evaporated  to  viold  crude 
2  ,  6-d  1  n  1 1  r  oadattan  t  an*  a  waxy  solid,  mp  l  4 Q ~  i  5 0°C  (NfiR  £  4  4 
2  protons,  &  X  . 8-2  7  12  protons).  Tha  nitro  compound  was 

dissolved  in  A  solution  of  this  material  in  10  nst  of 


me  t  hsno 1 

wa  s  stirred 

wi  t  h 

a  solution 

o  l 

0.2  g  of 

sod  ium 

carbonate 

in  10  mL 

o  f 

wa  ter  for 

1  5 

min  it 

2  0  °C 

Te  t r an i t a oae t hane  <1.0 

mL ) 

was  added 

and 

the  mixture  was 

stirred  for  1  h.  The  methanol,  was  evaporated,  20  rnL  of 

water  was  added,  and  the  product  was  on  tract  td  with  ether 

<2  s  50  ml )  .  The  ether  layer  was  washed  with  5  0  mt.  of  5% 
sodl  urn  carbonate  solution  and  50  ml  oi  1  0*!  potassium 
hydroxide  solution,  dried  with  magnesium  sulfate  and 

evaporated  to  yield  016  q  o  t  c  r  u  cl  g  solid,  mr,  ,50  2  C  C  ^  l  . 

TLC  of  this  material  on  silica  ye  I  with  chloroform  yielded 
0.040  g,  <20%)  of  6 , 6 -d in i t r o -2  -  a d araan t an  one :  IR  <CHC1  > 

2  4 


‘  ~ ■ .  -  -  .  ...  . 

f, 

_ . _ _ _ —  ,  _ 

f* 
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r 

TXT0O  fTT-TD  , 

“TTT0 

(C-O)  ,  1  5  8  0  mtT 

11  &  j  c  m '  ‘  <  li  -  u  )  , 

Nil  ft 

\ 

<  DCC  1 3 )  6  3.7 

<  2  H)  , 

2.7  (2  H)  and  24 

ppm  i S  H i 

Ana  i  .  C  &  1  c  d  for  C  10H[|Nj°5  c  •  5  0  01.  H  ,  15  .03:  k  . 

li.60.  Found:  C,  50  26;  H,  5.07;  N,  10  70 

A  itoond  TLC  band  with  slightly  lass  retention  time 
provided  0.010  g  <  2  .  4  %  >  of  2  ■  2  .  6  .  6  -  t  e  t  r  a  n  i  t  c  o  a  d  am  a  n  t  a  n  c  . 
The  material  sublimed  without  melting  above  2  8  0  eC  :  lit 
<  CHjC  1  j>  3000  <  C  -  H )  ,  1  5  8  0  and  1 '1 6  0  cm'1  (N-Q);  HMfi  (UCC1  ) 

«  3.4  (4  H)  and  2,0  ppa  (8  H>;  density,  1.75 

Ana  1  .  Ca  1  cd  for  Cj|HuN«°|  ;  C.  3  7.9  8,  H,  3  .82,  N, 

17.72.  Found:  C,  39.93;  H,  4  13;  N,  16.  80. 

RlAOi  i  on - 2. 1 - 4  -Jx989r  2  ■  6  -  a  d  arear.  t  anedi one . wi  t  h 

Hfdtoavl amine  A  solution  of  i.O  g  <0.0041  aol)  of 

4 -br  omo-2  ,  6  -  a  daman  t  aned  i  one  ,  10  g  <0  01-1  mol)  ot 

hydroxy  lamina  hydrochloride  and  1.0  ml  of  pyridine  in  35 
mL  of  absolute  ethanol  wa*  refluxed  for  2  h  The  solvent 
was  then  evaporated,  50  nsL  of  water  was  added  and  the 
mixture  was  stirred  for  30  min.  The  water  was  decanted  and 
the  oil  was  teoryt  U1  lited  from  ethanol  to  give  0.6  5  g 
<8  0%)  of  3-cirboiy-9*oxminofcicyc  lot  3  .  3.  l  jnsnan-6  •enii,  mp 
285 #C  (dec).  This  product  was  identical  with  material 
obtained  by  animation  of  4-brorac>-2  6-eiimantanedior.  i  in 
ethanol  -wa  ter  or  animation  of  2  ~c  a  r  ho  xy  -  9  -■  o  w  o  b  t  •• 

cycloC3.3.13nonan-6-ene  directly  No  dioxime  could  be 
detected  . 

2  -.  6  -  P  i  j2JLgj&2ai  £  *  d  1  rx  i  t  r  ?  b  i  c  ,  y  c  I  a  f  3  3  t  ln:r»r.e  . 

N-Br omcsucc in imi de  <10  0  g,  0.056  mol)  was  added,  with 


stirring  at  5  kC  ,  to 


solution  of  i  50  c  \  0  .  0  0  8  mol)  or 
2  5 


I 


»L  of  water  and  150  mL  of  dioxane  Then  5.0  a  oi  solid 


sodium  bicarbonate  was  added  over  a  20  min  period  The 
solution  became  green  and  then  blue  and  the  color  taued  in 
3  0  n»in.  The  mixture  was  stirred  30  min  a'  53C  and  2  his  at 
amb ient  temperature.  The  reaction  mixture  was  concentrated 
to  one  third  of  its  original  volume  w i t  h  a  rotary  evaporator 
under  reduced  pressure  and  was  extracted  with  two  100  mL 
portions  of  methylene  chloride  The  organic  layer  was 
separated  and  dried  over  magnesium  sulfate.  Flash  column 
chromatography  of  the  resulting  oil  (silica  gel,  methylene 
chloride)  yielded  a  nitro  containing  iraction  ( JR;  and 
several  fractions  containing  only  carbonyl  compounds 
Recrystal! itat ion  of  the  nitro  containing  oil  irm 
ethanol -wj ter  yielded  0.20  g  (65%)  of  pure 

2  ,  6  -  d  i  b  r  ©mo  -  2,6-dinitro  bicycloH  .  3  .  1  Jnonane  .  mp  1  <j  5  -  1  4  A  V.  : 

IR  <KBr>  2950  (C~H),  1540,  1  450  cm'1.  (N-O);  HUH  (DCCl.i  & 

3 

2 . 0-3 . 0  (comp  lex). 

&1UL1-  Calcd  for  r  ?  :  C.  29.06;  H,  3.7,5:  N. 

7.53;  Sr,  42.96.  Found:  C,  29.20;  K,  3.33;  U.  V  36:  Dr, 

43.12. 

jUjLBJJjUL-  -  9  i _ Bi  cve  1  oi  3  .  3  ■  noojia-2  ,  6rd  i  one  dioxime  wi  .t  Jj 

Hygochlotous  Acid  A  pH  meter  was  used  tc  neutralise  200 
mL  of  commercial  pool  bleach  <  5V«  sodium  hypochlor  i  ie>  to  pH 
5.0  at  0  -  2  8C  with  10%  sulfuric  acid.  Bentcne  (100  inL )  and 
5  0  g  (0.027  mol)  of  bicycioCS  3  hlnotu-2  ,<-dionc  d  i  o  x  i  is  c 
were  added.  As  the  di  oxime  dissolved,  the  solution  beer,  mo 
deep  blue  and  then  the  color  slowly  faded  After  1  h,  I  Oil 
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ot  ■: «  ci»»«qttitma  Pleach  and  0.5 _ 9 _ of 

t * t r a-n-bu t y 1 ammoni tim  bisulfate  were  added  and  tne  roiwture 
was  stirred  lor  an  additional  Z  hours.  The  organic  layer 
was  separated,  washed  with  sodium  thiosulfate  solution 
and  dried  with  magnesium  sulfate.  The  be  nunc  was 
evaporated  and  the  residual  oil  was  dissaved  in  hexane  ana 
filtered  thru  5  g  of  silica  gel.  Evaporation  of  the  hexane 
gave  an  oil  which  solidified  to  give  4.2  g  of  a  v?axy  solid, 
mp  18-22t:  1R  (CHjClj)  3000  <C~H>,  1440,  14  6  0  cm*1  <C~C1>; 

NMR  i DCC 1 , )  fi  2  0-2  .  8  . 

Ana  1 .  Found:  C,  43.09;  K,  5.84;  Cl,  51  15. 

2,.4-Dl  ch  lot  o-2  ,  4  -  d  i  n  i  t  r  o  -  b  i  c  v  1  c  o.C  3  3  l  3  nonane  . 

Chlorine  gas  was  bubbled  into  a  solution  of  2.0  g  <0.011 

mo  1>  of  bicyicoC3.3.  1  3nona-2 , 4-dione  dioxins  in  50  ml.  ot 
methylene  chloride.  The  dioxine  slowly  dissolved  and  the 

solution  became  dark  blue  and  then  green.  This  solution  was 

etirred  for  4  h  and  the  methylene  chloride  was  removed. 
Then,  50  bL  of  bimtne  0.2  g  of  t  e  t  r  a-n-bu  t  y  1  anmon  i  urn 
bisulfate  and  30  mL  of  5*  sodium  hypochlorite  were  added 
and  the  solution  was  stirred  for  48  h.  The  organic  layer 
(now  colorless)  was  separated,  washed  with  5%  sodium 
thiosulfate  and  dried  over  magnesium  sulfate.  The  banzano 
was  evaporated  and  the  residual  oil  was  dissolved  in  50  ml 
of  methylene  chloride  and  was  filtered  through  5  g  of 
silica  gel.  The  methylene  chloride  wis  evaporated  ana  t nc 
residual  semi-solid  was  r ec r ys t a  1 i i r ed  from  ethanol  to 

yield  1.84  g  (S9%>  of  2  , 4 -d i ch 1  or o- 2  ■  6  -  d i - 

rap  lll-ii3^C:  i  R  (CH^Cl,)  3  O0D 


nitro-ticylcoC3.3. llnonene, 
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<  CH  >  ,  1,5  80  and  1,460  cm*1  <N-0);  NHR  <DCC13>  £  2  0-3  0 

Ana  1  .  Calcd  for  CH  C1NO  :  C,  38.18;  H.  4.2V;  N, 
9.89;  Cl,  25.04.  Found:  C,  36.26;  H.  '1.21;  H ,  8  ??;  Cl, 

2  6.31 

2,6-Diamino-bi'cvcloC3.3.  1  3  n  o  n  a  n  e  A  mixture  o i  10  0  rot, 

of  anhydrous  methanol,  30  g  of  ammonium  acetate  and  10.0  g 

<  0.066  mol)  of  bjeylcot3.  3.  1  Inona*  ?.  ,6-dione  was  stirred  at 

20#C  for  2  h.  Then  6.0  a  <0.1  mol)  of  sodium 

cyanobor ohydr i dt  was  added  slowly  over  1  h.  A  water  bath 
was  used  to  keep  the  temperature  of  the  erothcmic  reaction 
at  2Q’C.  The  mixture  was  stirred  24  h,  the  methanol  was 
evaporated  under  vacuum  and  the  pH  was  adjusted  to  below  2 
with  concentrated  hydrochloric  acid.  The  solution  was 
extracted  with  ether  <2  X  50  oLj .  The  aqueous  layer  was 
then  made  basic  < pH  13)  with  solid  potassium  hydroxide; 
water  was  added  as  necessary  to  prevent  salt  precipation. 
The  solution  was  cooled  and  was  extracted  with  methylene 
chloride  (2  X  50  raL )  The  organic  layer  mi e  dried  over 
magnesium  sulfate  and  the  solvent  was  removed  to  yield  6.2 
g  ,  <  6  l*A)  of  2  ,  4-d  iamino-bicyc  lot  3  3  .  llroiune  as  a  oil 

IR  <  CHjC i j  >  3400-3300  <N-H>,  2900  (C-H),  1450,  1  320,  1  270, 
1110,  960  cm’1;  NMR  fDCClj)  &  2.0-3  5;  P~n i t robenx o a t e .  nn 

190-1  92*0.  Elemental  analysis  results  are  pending 

fiJLLsLtJU  an _ sJ. _ 0.  L*i&- tn-Q-i?-  i_c ,  yj_  co  t  3  .  3  llnonane .  A 

solution  of  5.0  g  <  0.032  mol)  of  2  ,  6 -d i am i n»- 
b icy I c o C 3 . 3 . 1 1  nonane  in  100  mL  of  1  , 2 - d  i  c h  1  or oe t hano  w«s 
heated  to  reflux.  Then  25  g  <80%  purity,  0.1  mol ;  of 
p-n  i  t  r  c  p  e  r  bens  o  i  c  aoid  was  added  slowly  over  ;;  30  min 

2B 
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par  tod  •  The  milTlu^e  was^  reJIuaed  for  ~ 5  h,  cooled  and 
filtered.  The  solution  was  washed  with  pH  5.0  buffer  <2  X 
30  si),  dried  over  magnesium  sulfate  and  stripped  of 


solvent  to 

yield 

1  .  50 

g  (21%) 

ot 

crude 

2,4-dinitrobicyclo<3  .3. 

1 Jnonane 

as  an  oil:  IR 

(GHjClj) 

3000 

<  C-H ) ,  1550  and 

1460 

cm**  <N 

-0>>  NMR  (DCCl  > 

4  4  .  2  < 

2  H  > 

and  1 . 8-3 . 0  (12 

H  >  . 

Upon 

attempted  disti 

1 1  a  t ion 

this 

material  decomposed.  On  passing  the  material  through 

silica  gel,  ail  nitro  functions  were  lost. 


IV.  REFERENCES 

1.  Fluorochem,  Inc.,  Report  No.  ONR-2-4,  iUJLgJXCJa . -i-Q 

Energetic  Compound!.,  January  1982. 

2.  SRI  international.  Final  Report,  SV.nt  b&aJJL  jLL-£aALOAiJL£. 
Pol vme  r  s .  September  1  9  8  2. 

3.  Ledwith,  A . ,  North,  A.M.,  “Molecular  Behavior  and 
Development  of  Polymeric  Materials".  J  Viley  *•  Sons  ,  Hew 
York,  1978  ,  p  .  4  1  f  f  . 

4.  Saegusa,  T;  Fuiii.  H;  Kobayalu,  S;  Ando,  H.  and  Kawaoe, 

R  Hit  rasp  Mil.  1.  26. 

5  .  Botch,  R.  F .  ;  Bernstein,  M.  D .  ;  Durst.  H.  1> .  1 .  Aj5»  ■ 
£Jj m-  & AS.-  1.11., L>  11'  2897. 

6.  Trlska,  J  VodicJca,  £.;  Hlavaty,  0  Coll  .  iU-Si  LJLS”' 

iiSffiJilL-  1121.  ±i-  M48. 

7.  Stetter,  H  ;  Thomas,  H.  G.  Bar  ■  j  ?.4i  ,  21..  920. 

2  9 


A _ 

Janku  *  1  i 

L  andi , _ 

S 

Cel  1 _ C-U-C^—Cn&a  —CAffiamn. _ , 

LL2JL 

UL- 

375  . 

9  . 

Mo  rat,  C  , 

R  a  s  s  a  t  , 

A 

,  Tttra 

hedron  Ltttetc, 

19  7  9 

4409 

« 

1  0  . 

StetUc  ,  H. 

;  Dor  s  ch . 

U  . 

P  .  Ann 

■  r  l  ^  7  6  ,  i  (H)  6  . 

1  1  . 

B  o  t  t  g  •  r  ,  0 

;  Ber .  1 

37  . 

70  ■  3  14 

1  2  . 

Mo iieev, 

1  .  K 

«± 

a  \  . 

Zh  ur  i  Kill's. 

19  7V 

•  1  k 

234  1 

1  3  . 

Schaefer  , 

J  .  P  ; 

Hon i g .  L 

J  Ora.  them . , 

1966 

,  u 

2  4  S  S 

1  4  . 

Corey  ,  E . 

J.;  Estrelcher, 

i !  .  Tetrahedron 

L  e  t 

t  f.  1  s 

j-Lg.fi-.  Li,.  Hi? 


AperuJ  ix  A 


Synthesis  of  El«ctron-D«{  lctcnt  Oiotmes  . 

3-A*  idooi#t*ne  .  3 -N  i  t  r  o  o  a  e  t  an  tc  and 

3 . 3 -D  i  n i t r oo x • t a  ns  1  . 

Kurt  Baum*,  Phillip  T  Berk  ow its, 

Vyttuta*  Grakauskas  and  Thomas  G  Archibald 

Fluorachtn,  Inc.,  Azusa,  California  91702 

ABSTRACT 

A  facile  synthesis  of  3-hydroxyoxcstane  is  described, 
based  on  the  addition  of  acetic  acid  to  ep i ch I o r oh y dr i n . 
protection  of  the  resulting  primary  alcohol  as  an  acetal, 
basic  acetate  hydrolysis  and  ring  closure,  and  removal  ot 
fche  protecting  group.  3-As  i  dooxet  me  wit  prepared  t  r  om 
3-tosy 1 oayoxet tnt  and  sodium  azide  Redurtion  of  the  azide 
with  t r i pheny 1 phos ph i n e  or  hydrogen  gave  3-aminooxe t ana . 
and  oxidation  of  the  3Jtsine  with  m-ch  i  or  operbenroic  acid 
gave  3-nitrocxetane  Oxidative  nitration  cr  reaction  wicft 
tetranitr  om* thane  gave  3,3-dinitrooaetane  3-Atidooxetane 
and  3 , 3 - d i n i t r oox e t an e  were  polymerized  with  Lewis  acids 
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Recently  we  reported  the  synthesis  or 
3  -  £  luoro*3*nitro«sttme  by  the  b  ?,  s  ■  —  c  a  t  i  v  s  e  d  ring  t  i  osurs 
of  the  mono  t  riC  Ute  derived  from  2  -  f  1  u  o  r  t>  -  2 -n  1 1  r  o~  i  ,  j  -  pro- 
pened i o I ^ .  The  "fluorine  effect",  or  the  destabilization 
of  *  nitronate  salt  by  an  adjacent  fluorine,  enables  this 
ring  closure  to  take  place  despite  the  general  tendency  ot 
2-nitro  alcohols  to  split  off  formaldehyde  (reverse  Henry 
reaction).  The  use  of  a  loss  potent  leaving  group,  sticn  as 
tosylate,  gave  adducts  of  1-flooro-l-nitroethylene  rather 
than  the  oxetane5,  and  even  triflates  from  nonf luor ins t ed 
nitroalcohols  such  as  2, 2-dinitro-l. 3 -propanediol  and 

2 -  < hy d r oiyat t h y 1 )  - 2 -n i t r o -  1  ,  3 - pr o pane d i o l  gave  no 
oittineiV 

An  alternative  to  tnis  ring  closure  is  tne 
introduction  of  nitro  groups  by  operating  on  oxetanes  which 
contain  other  reactive  functional  groups  The  conversion 
in  high  yield  of  3-hydroxyoxetane  to  the  tosyl3ts  has  been 
reported,  and  the  tosylate  group  has  been  displaced  by 
ha  1  ides  V  The  3-hydroxyoxetane  was  obtained  by  the 
hydrolysis  of  3-propenoxyoxetane,  which.  in  turn  was 
prepared  by  the  base-catalyzed  rearrangment  of 

3- aliyloxyoaetane  The  latter  compound,  however.  vus 
obtained  only  in  low  yield  by  the  cyclizatisn  ot  2-allyl- 
o  x  y  -  3  -  ch  l  o  r  o  p  r  o  p  a  no  1  * ,  a  low-convemon  cniorsnatton 
product  of  allyl  alcohol5'*. 

We  have  developed  a  procedure  suitable  i or  tne 
preparation  of  large  quantities  c-f  3  nydroxyoxetane  t  ion 
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cpichiorohydr  m  using  the  route  outlined  in  Sen  case  i  ;‘no 
hydroxyl  group  of  the  acetic  acid  adouet  cl  epichioronyorui 
wi  s  blocked  with  a  base-resistant  protecting  croup.  £st:r 
hydrolysis  and  ring  closure  with  aqueous  base  was  followed 

by  deblocking  with  acid 


H  C-CHCH.C  I  +  HO  A  c  - >  AcOCH  CH(  OH  >  CH  C  I 

1  \  /  1  2  2 

0 


AcOCHjCH  <OH  >  CHjC  1  +  CH^CHOEt  - -  AcGCHjCh  CHj  C  i  ‘  <  >uHMe  <  O  E  t  > 

AcOCHjCH  <  CHj C  l  >  OCHMe  <  OE  t  >  +  NaOH  - 1 

HOCHjCHtCHjC  i  >OCHMe<OE*  >  - >  -j - ,OC  HM-  t  OF  t  > 


O  — 


OCHHe ( OE  t ) 


+  H  * 


Scheme  1 


Th  e  reaction  of  cpichiorohydr in  with  acetic  acid, 
catalysed  by  ferric  chloride,  has  been  reported  to  give 
3-chloro-l-hydrosy-l'propyi  acetate  ;rr  high  yield  Th  i  r 
procedure  was  modified  by  eliminating  tie  use  ol  solvents 
and  minimising  the  amount  of  ciUlvst  The  low  iron  level 
did  not  prevent  monitoring  the  re:,  ctrn  by  UMR  i  n  d  the 
product  was  used  without  workup  for  ’  f.  e  following  step 
Th  e  hydroxyl  group  wa;  then  r  ■:  r  *  c  »  e  •  w.  tn  a  vinv.rc 

ether®.  Dihydropyran  and  ethyl  v  i  r  y  I  “'•her  .  ive  s  mi  1  ■  r 

results,  and  p-toluenaruifonic  acii  •  ?  s  used  as  a  a  t  a  i  ■/  s  t  . 

No  solvent  w»s  used  md  to  this  r.  c  i  n f  .  v,-4  hive  one  to  r 
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process.  Nest.  aqueous  sodium  hydroxide  hydro i y: ed  the 
ester  end  also  closed  the  oxetr.ne  ring.  "I  he  resulting 
crude  3-<i-ethoxyethoxy)oxetane  was  then  treated  with 
methanol  and  a  catalytic  amount  of  p- 1  o 1 uenesu ! ionic  acid 
to  give  3 -h y d r ox y o x e t ane  Flash  distillation  gave 
3-hydroiyoi*‘me  of  about  80%  purity,  and  the  pure  alcohol 
could  be  isolated  by  fractionation  The  impure  material, 
however,  was  suitable  for  conversion  to  the  tosylate  with 
aqueous  sodium  hydroxide  and  tosyl  chloride4.  The  overall 
yield  of  3-tosyloxyoxetane  based  on  epichlorohydrin  was  2  V  % 

Attempts  to  prepare  3-nitrooKetane  from 
3-tosyloxyoxetane,  3  - b r omo ox e t ane  or  3-iodooxutane  by 
displacement  reactions  with  silver  nitrite  or  sodium 
nitrite  were  unsuccessful.  Decomposition  took  place  when 
reaction  temperatures  were  high  enough  for  the  consumption 
of  starting  materials.  It  has  been  reported4  that 
d i sp 1 aoement •  of  3- t o s y 1 o* y ox e t ane  with  netal  ha'ides 
require  temperatures  of  about  1?0*C  and  that  tho  reaction  ot 
3-iodooxetane  with  diethylamine  takes  place  at  200,C. 

Aside  salts,  however,  were  found  to  react  with 
3-tosy  loxyoxet  ane  under  relatively  mild  conditions  to  give 
C-as  i  dooxe t ant  A  50%  yield  was  obtained  with  potassium 
aside  at  8  7s C  in  he  xamethylphoephor amide  and  a  28%  yieid 
was  obtained  in  refluxing  acetonitrile  in  the  p  r  a  s  ■_*  n  c  n  of 
1  8  -or  own -t  Polyethylene  glycols  were  also  reported  to  have 
c  r  own- ether  type  complexing  ability*,  and  these  materials 
were  investigated  as  solvents  for  the  displacement.  Sodium 
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exide  end  the  tosylite  gave  an  86%  yield  of  j-az  i  doox  e  t  ini> 
at  120-130* C  at  7-10  mm  H  g  ;  under  these  conditions,  the 
product  was  distilled  from  the  reaction  mixture  as  it  was 
formed.  The  solvent  did  not  co distill  with  the  product 
when  t e t r ae t hy 1 ' n e  glycol  or  higher  homologs  ware  used 
The  azide  was  handled  safely*®  by  distilling  the  material 
directly  into  to  ethylene  chloride  ana  using  the  solution  ter 
subsequent  reactions 


3 -Ami  n.  oo  x  e  t  ane  was  obtained  in  low  yisld  from  tne 
reaction  of  3 - t os y 1  ox y o x e t an  a  with  liquid  ammonia  A  more 
satisfactory  method,  however,  was  the  reduction  or 
3-azidooxetane  Azides  have  been  converted  to  aminos  by  a 
reaction  with  t r i pheny 1 pho s ph  i  ne  foiowed  by  ammono  i  y  s  x  b1®  , 
and  by  this  procedure  3-asidooxetane  gave  a  96%  yield  of 
3 - am 1 n oo x e t an e  This  reduction  was  also  carried  out  hy 
hydrogenation  at  atmospheric  pressure  in  methanol  over  1  U  % 
palladium  on  carbon,  but  the  reaction  was  not  re  all  ably 
reproducible.  The  synthesis  of  3-arainooxetane  by  the  high 
pressure  hydrogenation  of  3-oxet.inone  oxime  has  been 
reported  in  the  patent  literature1® 
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3-Aminooxet  me  was  used  as  a  st siting  material  to 
prepare  3-nitrooxstane  and  3 . 3- dini t  roo»et «ne .  The 
oxidation  of  c y c i ©hex y 1  am i ne  with  m - ch  1  o r o p e r Den z o i c  acid 
to  give  nitrocyclohexcrie  has  recently  been  reported1^. 
Th  i  •  reaction  was  found  to  give  a  ?5*/j  yield  of 

3>ni trooxctane  from  3- ami nooxe t ane  The  most  generally 
used  method  for  converting  a  mononitro  aliphatic  compound 
to  a  gem-dlnitro  compound  is  the  oxidative  nitration 
reaction1’,  using  base,  sodium  nitrite  and  silver  nitrate 
3, 3-Dint trooxetane  was  obtained  in  this  way  from 
3-nitrooxetane  but  only  in  2  2%  yield.  Nitronate  salts  have 
recently  been  nitrated  with  1 1 1  r  an  i  t  r  ome  t  hane  15  Addition 
of  this  reagent  to  a  solution  of  the  salt  of  3-nitrooxetane 
in  aqueous  methanol  gave  a  6  0%  yield  of  3, 3- dini trooxetane 


The  po  1  yme  r  i  i  a  t  i  on  of  3  -  f  I  u  o  r  o  -  3  n  i  t  r  o  o  x  e  t  a  ne  w.\s 
previously  shown  to  be  catalyzed  by  the  strong  Lewis  acid 
catalyst,  phosphorus  pentafluoride,  but  not  by  boton 
trifluoride  3 , 3 -D i n i t r o o x e t a n e  was  found  to  be  even  more 

resistant  to  cationic  polymerisation,  requiring  prolonged 
exposure  to  an  atmosphere  of  phosphorus  pentafluoride.  h 
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polymer  was  obtained  with  a  melting  point  of  200-  202  eC 
Tht  polymer  was  insoluble  in  methylene  chloride  or  ethyl 
acetate,  but  was  soluble  in  acetone  The  molecular  weight 
by  vapor  pressure  osmometry  was  2870 


p<NV> 


HOCCH  CCNOjJ.CHjO^H 


3-Asidooxetane,  which  is  net  so  highly  deactivated  by 
•lecton-wi thdr awing  groups,  was  polymerised  readily  by 
boron  trifluoride  etheraie,  at  temperatures  as  i ow  as 
— 30*C .  Details  arc  described  in  the  Experimental  Section. 


HOC  CH„CH  <  N  )  CH  0  1  H 
2  3  l  l 


Determination  of  the  hydroxyl  equivalent  weight  of 
polymers  has  generally  provided  difficulties14.  We  have 
used  a  simple  procedure  consisting  ot  t r l me t h y 1 s i  1  y 1  a t i on  , 
removal  of  volatiles,  and  determination  of  silyl  hydrogens 
by  quantitative  NMR 


EnPer.i  went  s.l  S>  c  U  on 

NMR  and  1 R  spectra  were  recorded  w  th  a  V aria n  T-  60 


spe  c  t  r  efti  t  e  r  and  a  Peikin-umer  700  spectrometer. 


r espec  t i ve  1  y 


A  Varian  920  gas  e h r oma t o a r a p h  was  used  for 
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GL€ - septrtt  i  orrs  , - ind  — 3 - Mechr  o  I  a b - 3D  rft - VtTjro  r - p r  t  s  s  u rx 

oisostttt  was  used  for  molecular  weight  determinations. 

3 -To a V loxvoxetane  Epichlorohydr in  (  925  g.  10  0  mol) 
was  added  with  stirring,  over  a  10  n, in  period,  to  a 
solution  of  1.5  g  of  ferric  chloride  in  612  g  <1002  mol) 
of  glacial  acetic  acid.  The  mixture  was  heated  at  65-70 ®C 
for  24  h  to  give  crude  3 - c h 1 o r o - 2 - h y d r o x y -  1  - p r o p y 1  acetate; 
NMR  (CDClj)  2.10  <s,  3  H.  COCHj  >  ,  3.  SO  <  ro ,  6  it  , 

CHjCHCOH)  CHj)  ;  I  R  (film)  3500  <OH>,  1  7  3  5  cm'1  (COCHg). 

After  10  g  of  p-toluenesulfonic  acid  monohy d rate  was 
added  to  thie  crude  material,  815  g  (11  3  mol)  of  ethyl 
vinyl  ether  was  added  dropwise,  with  stirring,  over  a 
period  of  2  h.  The  flask  was  cooled  to  maintain  a  reaction 
temperature  of  35-37*C.  After  the  addition  was  completed, 
the  mixture  was  heated  at  35-40#C  for  16  h  to  give  crude 
3-chIoro-2-( l-ethoxyethoxy)-l-propyl  acetate. 

Thie  intermediate  was  added  over  a  1.5  h  period  with 
stirring  to  a  solution  of  1-1  kg  <27.5  mol)  of  sodium 
hydroxide  in  1.1  L  of  water  at  1Q5®C,  and  the  reaction 
mixture  was  refluxed  for  an  additional  4  h  period  The 
mixture  was  cooled  and  was  washed  with  1.5  L  of  water.  Tne 
aqueous  layer  was  washed  with  15  L  of  methylene  chloride, 
and  the  combined  organic  phases  were  stripped  of  solvent  to 
give  1.2  kg  of  crude  3 - <  1  -e t hoxy • t hox y ) oxe t ana . 

Methanol  (400  g>  was  added  and  the  mixture  was  cooled 
to  15~18*C.  p -To  I uen e s u 1 f on i o  acid  monohydratc  (10  g)  was 
added  with  stirring.  The  reaction  temperature  increased 


38 


Ap  en  d  i  a  A 

ov«r  *  5  rain  period  to  3  4  *C  and  then  decreased  to  23®C  in 
30  rain.  The  mixture  was  stirred  tor  in  additional  <15  min 
period  end  then  5  g  of  solid  sodium  bicarbonate  was  added. 
Distillation  gave  280  g  of  3-hydronyoxetane.  bp  'i5-50®C 
<0.3  rata)  ,  of  8  0%  purity  <  NMR  >  . 

This  3-hydroxyoxetane  <3  0?  mol)  was  stirred  wi  tn  66  0 

g  <3.46  mol)  of  technical  p-toiuenesulfonvl  chloride  in  530 
ml  of  water<  and  a  solution  of  194  g  <4  84  mol)  of  sodium 
hydroxide  in  200  raL  of  water  was  added  over  a  period  of  25 
min.  Ice  bath  cooling  was  used  to  beep  the  reaction 
temperature  below  70*C.  When  the  exothermic  reaction 
subsided,  the  bath  was  removed  and  the  mixture  was  allowed 
to  cool  to  40®C  over  a  1  hr  period  The  ptoduct  was 
isolated  by  filtration.  washed  with  four  180  ml  or  warm 
<50*0  water,  and  air  dried  to  give  649  g  <93%)  ot 
3  -  t  o  a  y  1  oxy  oxe  t  ane  ,  rap  86-88t  (reported*  8  8  5-89*0. 

3-Ax  i  doom  t  ane  A  stirred  solution  of  92  g  <0.40  mol) 
of  3- 1 osy  1  ox y ox e t ane  and  40  g  <0.48  mol)  ot  sodium  aside  in 
205  raL  of  polyethylene  oxide  (Carbowax  300)  was  heated  to 
120-130 ®C  over  30  rain  at  7-1Q  mm  Hg  The  product  distillpd 
as  it  was  formed,  over  a  1.5  h  period,  and  was  collected  in 
a  stirred  receiver  containing  200  ml  of  methylene  chloride 


at  -78 

•c . 
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resul t ing 

methylene 
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solution 

contained  34 

g 
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Anal  Calcd  t  or  CjHjNjG.  C.  36  36.  H.  ■>  09;  N  .  42  41 
Fouad:  C,  36.29;  H,  4.82,  N,  43  06 

The  product  wee  handled  safely  as  a  methylene  chlorine 
solution  (see  discussion) 

■3-Attih9QST  t  ana.  Tr  i  phtny  I  phos  ph  ine  (132.3  g,  0.5(1 

»o I )  was  added  to  a  solution  of  50  a  (o.5Q  mol;  ot 


3-asido  oxetane  in 

8  00  mL 

o  i 

me  thy  1  e  n  e 

cnlor i 

d  e 

it  0-b’c 

The  solution  was 

a  1 1  owe  d 

t  0 

stand  for 

0  .  5  h 

a  t 

0-5  °C  and 

for  3.5  h  at  room  temperature  The  solvent  was  rcttoveJ 
under  vacuum,  and  an  ice-cooled  solution  of  30C  ml,  of 
methanol  saturated  with  ammonia  was  added  to  the  residue. 
The  resulting  orange  solution  was  stirred  for  40  h  at 
0-5*:  .  Distillation  gave  32  g  of  3-aminooxetane.  bp  50-82sC 
(60-70  nun  Hg)  -  reported^  8  0  -  B  2 s  C  (100  mm  H  g )  -  a  n  a 

extraction  of  the  distillation  residue  with  ether  followed 
by  distillation  gave  an  additional  3.2  g  <9649  total);  lH 
NMR  (CDCtj)  6  2.03  <s,  2  H,  NH^ )  ,  4. 0-4. 8  (m,  5  H);  in 

(film)  3350  <  NH  ^ )  ,  3000,  2  900  (CH>,  1605  (NHj).  970  cm1 

(oxetane);  1.4500  Elemental  analysis  was  carried  out 

on  the  p-n  i  t  r  ob  en  z  am  i  d  e  ,  mp  1S?~191*L 

Anal  Calcd  for  c1#Ht,Nj0,  c  ■  54  0  :j :  H  •  «  5  0;  N. 

12.60.  Found:  C,  54.02,  H,  4.51;  M,  12  32 

844  A  solution  ol  7  *  g  (0.10  mol)  of 
3-ami nooxe t ane  in  100  raL  of  1 ,2-dichloto ethane  was  added 
over  1  hr  to  a  refluxing  solution  of  71  g  '0.35  mol)  of  85% 
a-ehloroperbensoic  acid  in  600  roL  of  1  ,  2 - d i c h i o r o e t han* . 
The  reaction  mixture  was  heated  at  reflux  tor  an  additional 
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3  h  period  and  was  allowed  to  stand  it  ambient  tempemui  e 
for  16  h.  The  precipitated  ra  -chief  cr^nsoic  ci  q  was 


filtered 

and  w  a  5 

was  hed  with  i  L  - 

d  i  c  r- 

1  or  oe1.  hare 

The 

comb ined 

s  o 1 u  t ions 

were  stripped  of 

solvent  under  vacuum 

and 

the 

residue  was  distilled  in  a  Kuoel 

rohr  apparatus 

t  Q 

give 

6  35 

g  '62'*) 

of  3-ni  trooxet  me 

a  t 

''  ?9C  <0.5-  10 

mm 

Hg  )  , 

An 

anaiyt ical 

sample  wa  s  i  s  o  I  ?. 

t  e  d 

by  G  C  <  9  b'»  u  F  -  1 

on 

Chromosorb  V,  12  0°C):  NMR  (CDCl  >  4  18/  da,  4  H,  CH  i, 

«  2 

5.2  3  (Hi,  1  H,  CHNOj)  ,  IR  (CH^CI  )  3  00  0.  2  9  4  0  (CH).  lbSG. 


1370  (NOj)  , 

980  cm’1 

(oxetane);  n„  ** 

S 

1  4618;  d  1.33. 

Anal  . 

Ca  I  c  d 

for  C  jHjNO  j  :  C 

.  34  96.  H .  4  87. 

k  ound 

C ,  34.77;  H ,  4.87. 

3-J.S--D  iru  t  rooxetane  (Oxidative  Nitration)  A  solution 
of  3.38  g  <0033  mol)  of  3-nitrooxetane.  i  4b  a  (0  03 i  mol > 
of  sodium  hydroxide  and  2  56  g  <  0  0  36  mol)  o£  sodium 
nitrite  in  72  mL  of  water  at  O-S^C  was  added  to  a  stirred 
solution  of  12.2  g  (0  072  mol)  of  silver  nitrate  in  25  mL 
of  water  at  Q-5#C.  An  immediate  black  suspension  formed. 
After  the  reaction  mixture  was  stirred  at  0-5 ®C  for  2  h.  2j 
mL  of  saturated  sodium  chloride  solution  was  added  and 
•  t irr ing  wa  s  c  on  tinued  for  30  min  The  mixture  was 
filtered  through  celite  and  the  filter  cake  was  washed  with 
10  mL  of  water  and  100  mL  of  ether  The*  aqueous  solution 
was  wa  shed  with  two  100  mL  portions  of  ether  and  the 
combined  ether  solutions  were  dried  and  the  solvent  w--. 
removed.  Column  chromatography  of  the  residue  (silica  ciel. 
methylene  c  h  1  o  r  i  de -h  e  x  a  n  e  )  gave  i  07  a  (21  9<%>  of 


4  t 


3  «  3-d  ini  t  r  ooxttint  ,  rop  70-71*:  (subi  I009C>  NMH  <CDCi.)  & 

i 

5.27  (»);  IR  tCHjClj)  3000,  2940  <CH),  1  560,  1  32  5  <  NOj  >  . 
1000  c«*'  (ontine)  ;  d,  1  <4  5 

Anti  .  Caicd  for  CjH^NjOj  :  C.  24  34;  H.  2.72.  Found 
C,  34.51;  H,  2  80. 

3.3-Dinltrooxctane  _ <-lx  os _ le  t  ranitr  onte  than*  )  .  A 

solution  of  1.03  g  ( C  O  10  mol)  of  O-nitroosetane  ana  2.0  a 
<0.010  mol)  cl  t e t r an i t r one t h»n*  in  5  ml  of  methanol  was 
addeed  dropwise,  with  stirring  over  a  20  min  period,  to  & 
solution  of  0.42  g  <0.010  mol  of  sodium  hydroxide  in  i  mL 
of  water  end  2  mL  of  methanol  at  0cC  Stirring  was 

continued  for  30  min  and  10  mL  of  water  was  then  added. 
The  pH  wes  adjusted  to  9-10  with  sodium  hydroxide.  ?,nd  thc- 
mixture  was  extracted  with  ether  <3  x  25  mL).  The  etner 
solution  was  washed  with  water  and  dried.  Removal  of  the 
solvent  gave  0.89  g  <40%>  of  3 , 3- d i n i t r ooxe t ane  identical 
with  that  above. 

Efti  VBt.y  iXl.t  I  0,.h _ Of  3,3-Oinitrooxetane.  A  dry  100  mL 


flask 

,  fitted  with 

a 

sy r inge 

valve 

,  was  loaded 

wi  th  a 

S  0  I  u  t 

ion  of  0.113 

g 

<0.74  mrao l )  of 

3 , 3 ~ d i n i t r o o x e i an e  in 

0 . 5 

mL  of  dry  methylene 

ch l or i de 

,  and 

was  flushed  wi 

til  2  1^) 

of  a 

wh i t  e  solid; 

MV 

<  VPO  , 

ethyl 

acetate)  484; 

I  R  3  5  3  0 

< OH)  . 

1575,  1  3  2  of 

phos  phor us 

pent 

afluoride  was 

added  . 

A  f  t  ar 

30  h,  solvent 

and 

catal y e  t 

we  r  e 

removed  under 

vac  uum 

Extraction  of  the  residue  with  15  mL  of  methylene  gave 
0.018  g  <14%)  of  recovered  3,3-dinitrGoxetane  i’h  e 
materiel  Insoluble  in  methylene  chloride  was  extracted  with 


n 


P«UO|8 


X 


-15 — mi — o-f - m  t  hy-f - t  t(t - t-o—  give  -Q—fri-Q — rr  — ( 1  i  % )  ~o~t  x~wh  i  ty 

solid:  MW  (VPO,  ethyl  acetate)  4  84;  1 R  35  50  (OH),  15  7  5.  13  2  0 

o’*  <NOj).  The  material  insoluble  in  ethyl  acetate  was 
extracted  with  IS  »L  of  acetone  to  ai»e  0.071  g  (63%)  of 
whit#  solid,  lap  20 0-202°C:  MMR  (DjCCOCDj)  &  4.4?  (br  s>;  IH 
(•cetone)  3600  (OH),  1565,  1320  ca‘!  <  HO  )  :  nolecuUi 

weight  (vapor  pressure  osmometry,  acetone)  2670.  density 
1.59. 

Po  1  aui  t  *  t  i  on  of  -  3.-Ar  i  doc.*  a  ♦  an.  A  SO  mL 

magnetically  stirred  round  bottom  flask,  fitted  with  a 
condenser  and  a  drying  tube,  was  loaded  with  20  g  of  a  42*4 
by  weight  solution  of  3~at i doit t ane  in  methylene  chloride 
(0.085  mol),  and  was  cooled  to  -30*C  treshiy  distilled 
boron  trifluoride  etherate  (0.60  mL ,  0.0052  mol)  was  added 

rapidly  by  syringe.  After  about  30  =  ec  the  reaction 

temperature  increased  to  the  reflux  temperature  and  a 
gelatenou*  polymer  formed.  The  material  was  aliowea  to 
stand  for  5  min  at  room  temperature  and  then  5  aL  of  water 
wa •  added  and  the  mixture  was  agitated  to  disperse  the  gel 
Ethyl  acetate  (30  mL )  was  added  and  the  mixture  was  stirred 
for  i  h.  The  organic  layer  was  separated  and  was  dried 
over  magnesium  sulfate  Solvent  was  removed  with  a  rotary 
evaporator  (70®C  at  20  mm  Hg)  to  give  s  brown  oil:  NMR 
(CDClj)  &  3.58  <s>;  IR  (CHjClj)  3,000.  2900  <CH>.  2100 
<Nj>  ,  1135  cm'*  (C-Q-C);  molecular  weight  (vapoi  pressure 

osmometry,  ethyl  acetate)  2200.  equivalent  weight 

(silylat ion)  1200 
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The  polymer  dissolved  in  20  mL  of  ic«thylen«  chloride 
was  poured  into  20  ml  of  hexane  with  vigorous  stirring. 
After  30  sin  the  solvent  was  decanted  from  the  precipitated 
oil  i  and  the  latter  was  dried  at  ?09C  under  vacuum  to  give 
7-4  0  of  material  essentially  identical  with  the 
unf r ao t i ona t ed  polymer. 

The  polymerization  was  also  carried  out  at  subsmbi uni 
temperatures  with  more  dilute  solutions.  A  solution  of  l.o 
g  <0.0071  mol)  of  boron  trif luor idc  etherate  in  SO  mL  ot 
methylene  chloride  was  cooled  to  -30*C  end  a  solution  of 
9.9  0  <0.10  mol)  of  3-a* oxyoxe t ane  in  100  mL  of  methylene 

chloride  was  added  dropwise.  The  solution  was  stirred  at 
-30*C  for  4fl  h.  CLC  analysis  showed  that  less  than  0.5%  oi 
the  oxetane  remained.  Saturated  sodium  chloride  solution  <5 
mL)  was  added  and  the  mixture  was  stirred  for  30  min  The 
organie  layer  was  allowed  to  come  to  ambient  temp'  rat  re  and 
was  washed  with  100  mL  of  5%  potassium  carbonate  solution 
and  with  100  mL  of  water.  The  methylene  chloride  solution 
was  dried  over  magnesium  sulfate  and  was  evaporated  under 
vacuum.  The  residue  was  dissolved  in  30  mL  of  methylene 
chloride  and  the  solution  was  filtered  into  30  mL  of 
rapidly  stirred  hexane  After  30  min  the  solvent  was 
decanted  and  the  remaining  oil  was  washed  with  30  mL  of 
hexane.  The  product  was  dried  at  70JC  under  vacuum  to 

yield  4.#  g  <49%)  of  very  viscous  oil  with  molecular  weight 
2350  <VFO,  ethyl  acetate). 

i 

A  similar  reaction  using  0  i  mol  of  3 - a s 1 d o o a e t a n c 
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and  0.0052  no  I  of  boron  trifluoride  etherate  in  SO  mi.  of 
methylene  chloride,  maintained  at  0-5*0  cave  a  54.5%  yield 
of  product  with  a  molecular  weight  of  2400 

figttlTfr  Pet  grains  t  ion  .  A  50  mL  round  bottom 
flaelc  wquiped  with  a  magnetic  stirrer,  a  condenser  and  a 
drying  tube  was  loaded  with  approximately  0  2  g  o  t 
3-asidooxetane  polymer,  5  mL  of  1,2-dichloroethane,  2  mL  of 
1 , i , 1 , 3 , 3 , 3-hex ame t hy 1 d i s i 1  a t ane  and  0.5  mL  or 
ch 1  or o t r Ime t hy 1 s i 1 ane .  Volatile  materials  were  removed  at 
70*C  under  vacuum.  The  residue  was  dissolved  in  1  mL  oi 
deut erochl or  of orm  and  the  proton  NMR  spectrum  was  recorded. 
The  hydroxy  1  equivalent  weight  was  calculated  on  tho  basis 
of  the  areas  of  the  £  3.3  signal  (5  protons  per  monomer 
unit)  and  the  £  0  signal  (9  protons  per  siloxy  group.  The 
same  method  was  used  for  polymers  with  more  complex  NMR 
spectra  by  using  weighed  mixtures  of  the  silylated  polymer 
end  e  reference  suoh  as  p-d  1  ohl  or  obsmene  ,  The  equivalent 
weight  was  calculated  on  the  basis  of  the  areas  of  the 
reference  and  siloxy  signals. 
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